This study was executed during two successive seasons 2014 and 2015 for evaluating the effect of inoculation with Bradyrhizobium sp, Bacillus megaterium, Bacillus circulans, Glomus macrocarpum and Pseudomonas fluorescens on infection percentage, enzymatic activity, growth characteristics, total phenol, peroxidase and polyphenol oxidase activity in presence or absence of Fusarium oxysporum in sterilized or non-sterilized soil under greenhouse condition. The obtained results observed that the tested strains showed suppression for F. oxysporum in vitro. Similar results were obtained under greenhouse experiment where the inoculation of soil with biofertilizers strains in presence of P. fluorescens showed the lowest records of infection percentage as well as the higher values of enzymatic activity, growth characteristics, total phenol, peroxidase and polyphenol oxidase activity compared to full dose of chemical fertilizers treatment. This study provides evidence for diminishing the adverse evolved from the continues application of chemical fertilizers in high doses and replacing it (at least partially) through biofertilizers and biocontrol application.
INTRODUCTION
Cowpea (Vigna unguiculata L. Walp) is a food legume of significant economic importance worldwide. Cowpea diseases induced by species of pathogens belonging to various pathogenic groups (fungi, bacteria, viruses, nematodes, and parasitic flowering plants) (Sendhilvel et al 2005) . Disease control remains one of the most challenging issues to be addressed, which is especially true for cowpea considering the largely undefined area of cowpea self defense mechanisms.
Because of inappropriate applications of chemical fertilizers during continuous crop cultivation, many countries suffer from problems such as pollution of agricultural lands, water resources, and soil salinization. In an attempt to reduce these chemical inputs and raise soil quality as well as improve crop production, biotechnological practices such as application of biofertilizers have been investigated (Talaat and Abdallah, 2008 and PaungfooLonhienne et al 2019). Moreover, chemical fungicides application is the conventional strategy used for managing damping off for over 50 years. However, fungicides have shown some promising results in controlling damping off, fungicide residues could lead to environmental pollution and human health hazards.
The dynamic nature of soil is a direct manifestation of soil microbes, bio-mineralization, and synergistic co-evolution with plants. Plant growth promoting rhizobacteria (PGPR) are the rhizospheric bacteria that possess potential to enhance the plant growth in various ways through phosphate solubilization, nutrient cycling, siderophores production, etc. The potential applicability of PGPR is steadily increasing in agriculture because it offers a promising approach to replace the use of chemical fertilizers, pesticides, and other supplements. Recent progress in our understanding enhances on the diversity of PGPR in the rhizosphere along with their colonization ability and mechanism of action that would facilitate their wider application in the management of sustainable agricultural crop production. Further, PGPR is being functioning as a connecting link between plants and microbes Zaghloul, Abou-Aly, Abdel-Rahman and Hassan that could express antagonistic and synergistic interactions with microorganisms and the soil (Shukla, 2019).
Biocontrol approaches may help to develop ecofriendly strategies for managing this disease in cowpea seedlings. Biological control represents both the oldest and youngest technology for the control of plant diseases and pest (Akinbode and Ikotun, 2008 and Nandi et al 2013). Most people agree that agriculture could not have begun without the benefits of naturally occurring biological controls. Yet modern biological control achieved with introduced microorganisms is still in its infancy. The use of fluorescent pseudomonads is gaining importance for plant growth-promotion and biological control. Fluorescent pseudomonads could reduce disease severity in several crop plants through induced resistance phenomenon (Thahir et al 2012). Induced systemic resistance in crop plant is characterized by the induction of host defense responses including, defense related enzymes synthesis and phenolic accumulation. In this context, Pseudomonas fluorescens is plant growth promoting rhizobacterium (PGPR) and lives in the plant rhizosphere. More specifically, P.fluorescens strains have received particular attention throughout the global science because of excellent root colonizing ability and their capacity to produce a wide range of enzymes and metabolites that help plant to withstand under varied biotic and abiotic stress conditions Most agricultural crops are colonized by arbuscular mycorrhizal fungi (AMF). In this symbiotic association, host plants provide the fungi with carbohydrates and in return receive mineral nutrient. AMF can enhance growth of crop plants through increasing nutrient uptake, particularly P (Ryan and Angus, 2003).
Phosphate solubilizing bacteria (Bacillus megaterium) may release several organic acids including oxalic, citric, butyric, malonic, lactic, succinic, malic, gluconic, acetic, fumaric and ketogluconic, which solubilize phosphate and micronutrients and subsequent reduction in soil pH (Ahmed, 2010). The release of K form the feldspar was obviously affected by the role played by these bacteria (Bacillus circulans) which attached to feldspar surface and greatly accelerated the weathering of some minerals with the release of great amounts of both water soluble and amorphous. A lot of energy is released as a result of biodegradation of aluminosilicate structures and the bacteria, which play role in the biodegradation and have the ability to grow on it.
Most plants in natural conditions form a symbiosis with arbuscular mycorrhizal fungi (AM) which has distinguishing importance due to great capability to increase plant growth and yield under different conditions ( .This investigation has been conducted to evaluate the effect of using plant growth promoting rhizobacteria (Pseudomonas fluorescens), phosphate dissolving bacteria (Bacillus megaterium) and potassium releaser bacteria (Bacillus circulans) and AM fungi on the productivity and quality of cowpea for diminishing the adverse evolved from the continues application of chemical fertilizers or pesticides in high doses.
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Biofertilizers
Biofertilizers contain four microbial strains namely Bradyrhizobium sp, Bacillus megaterium, Bacillus circulans, and Glomus macrocarpum were kindly obtained from Microbiological Resources center, Cairo MIRCEN, Ain Shams University, Egypt.
Biocontrol agent strain
Biocontrol agent strain Pseudomonas fluorescens was kindly obtained from Microbiological Resources center, Cairo MIRCEN, Ain Shams University, Egypt.
Pathogenic fungi strain
Fusarium oxysporum was kindly obtained from Microbiological Resources center, Cairo MIRCEN, Ain Shams University, Egypt.
Experimental soil
Experimental soil was subjected to chemical and 
Antagonistic activity of biofertilizer and biocontrol strains
Antagonistic effect of the biofertilizers (Bradyrhizobium sp., Bacillus megaterium and Bacillus circulans) and biocontrol strain (Pseudomonas fluorescens) against soil-borne pathogenic fungi F. oxysporum was studied in vitro under laboratory conditions.
The dual culture technique as described by Paulitz et al (1992) and Landa et al (1997) was used and the fungal culture was grown on potato dextrose agar medium (PDA). F. oxysporum was initially grown in Petri dishes containing PDA medium and incubated at 28°C for 72 hrs . Then 0.5 cm disks were cut from the edge of the active growth colonies of each fungus. One disk of each fungus was transferred to the center or in one half of Petri dish containing the previous medium. Bacterial strains under investigation were added with circular shape linearly in the other half dish.
Greenhouse experiment
A pot experiment was designed to study the effect of biofertilization combined with biocontrol agents on cowpea growth performance, infection percentage, microbial enzymes activity in soil, total phenol, peroxidase and polyphenol oxidase activities in leaves of cowpea when sowing in infested and un-infested soil with Fusarium oxysporum. This experiment was carried out in sterilized and non-sterilized soil in plastic pots containing sandy loam soil (10kg / pot). 
Experimental design
The treatments were distributed in greenhouse using randomized complete design (Fig. 1) . Three replicates of each treatment were used. Plastic pots (30 cm in diameter) were sterilized by immersing in 5 % formalin solution for 15 minutes and covered overnight with plastic sheets, then left to dry in the open air. Soil sterilization was carried out by autoclaving at 15 1b/inch 2 for two hours.
Preparation of pathogens inoculum and soil infestation
The inoculum of F. oxysporum was prepared by growing in conical flask (500 ml) containing 250 ml potato dextrose broth medium (Mac Faddin, 1985) . The flask was inoculated with 0.5 cm diameter agar disc bearing mycelium of the fungus, and then the flask was incubated at 28°C for two weeks. After incubation period, growth was decanted and mycelial mat was blended in a warring blender. The spores' density was counted using a haemocytometer slide and adjusted to contain about 10 7 spore/ml as recommended by (Zaghloul et al 2007) . Soil was infested with the inoculum by mixing 100 ml of adjusted spore suspension per Kg soil. Then pots were carefully irrigated and kept under greenhouse conditions for 7 days to activate the fungi before planting.
Fig1. Experimental design. 
Fungicide seed dressing
Cowpea seeds were dressed with Rizolex-T 50% at the recommended dose (3g/kg of seeds) then sown in infested soil to serve as a comparison treatment.
Cultivation process
Three kg soil were put in each pot, before cultivation, cowpea seeds were soaked by dipping in mixture of gum Arabic (20%) as an adhesive for inocula of cell suspension of each Bradyrhizobium sp (l ml contains about 1x10 9 cfu) for 30 min. B.
megaterium var phosphaticum (6 x10 9 cfu/ml), B.
circulans (4 x10 8 cfu/ml), Ps. fluorescens H2 (1 x10 9 cfu/ml) for 60 minutes before transplanting.
The same prepared inocula were added to the pots three times (every month) throughout the growing season at a rate of 100 ml pot -1 . Regarding the mycorrhizal treatments, Glomus macrocarpum strain was used at a rate of 500 -600 spores/pot as soil treatment. After soaking the seed spread in plates and allowed to air drying before sowing. The control seeds were soaked by the same manner, but in the corresponding media without inocula. Chemical fertilizers were supplemented with either a full dose of inorganic nitrogen fertilizer 40 Kg N/fed or a half dose of N-fertilizer as ammonium sulphate (20.5% N). While inorganic phosphorus fertilizer 30 Kg P/fed. as calcium super phosphate (15.5% P2O5) and 40 Kg K/fed. as potassium sulphate (48% K2O), respectively were added for all treatments. Other cultural practices were carried out according to the recommendations of Egyptian Ministry of Agriculture.
Determinations
Rhizoshpere of three plants from each pot were taken at random after 60 days from sowing for enzymes activity determinations. The parameters estimated namely diseases assessment (infection percentage and disease suppersion), enzymes activity (dehydrogenase, nitrogenase and phosphatase) were measured in rhizosphere soil samples, disease severity (DS), resistance enzyme activities in plants (total phenol, peroxidase assay and polyphenol oxidase), plant growth characteristics (plant height (cm), number of branches, number of leaves/ plant, dry weight (gm) and fresh weight (gm) were determined.
Statistical analysis
Statistical analysis was carried out according to Snedecor and Cochran (1989). The differences between the means value of various treatments were compared by Duncan's multiple range test (Duncan's, 1955).
RESULTS AND DISCUSSIONS
Efficiency of biofertilization and biocontrol agent on cowpea growth performance and controlling of root diseases under greenhouse condition.
The main objective of this study is to evaluate the efficiency of cowpea plant inoculated with Bradyrhizobium sp., Bacillus megaterium, Bacillus circulans and Glomus macrocarpum combined with Pseudomonas fluorescens on infection percentage, enzymatic activity, growth characteristics, total phenol, peroxidase and polyphenol oxidase activity in presence or absence of Fusarium oxysporum in sterilized or non-sterilized soil.
Initially, antagonistic effects of Bradyrhizobium sp., B. megaterium, B. circulans and P. fluorescens against F. oxysporum was achieved in vitro under laboratory conditions.The obtained results in Fig. 2 Zaghloul, Abou-Aly, Abdel-Rahman and Hassan indicated that the tested strains showed suppression for F. oxysporum. Such suppression zones may be likely due to the production of antibiotic substances, HCN, siderophores and/or phytoalexins which acts against plant pathogenic microorganism by biofertilizer strains and P. fluorescens. Table ( 2) showed that nonsterilized soil treatments have the lower percentages of Fusarium infection appeared rather than sterilized ones. This result is likely be due to the presence of indigenous PGPR in non-sterilized soil.
Disease severity percentage of cowpea.
Data presented in
In addition, obtained results observed that in un-infested soil there are no infected plants showed in whether non-sterilized or sterilized soil treatments. While in infested soil, the rate of infection ranged between 20 -73.33% and 20 -100% in non-sterilized and sterilized soil treatments, respectively.
Inoculation of soil with biofertilizers strains in presence of P. fluorescens showed the lowest records of infection percentage. While the highest records of infection percentage showed in infested soil with F. oxysporum individually. These records are in harmony with Parmar and Dadarwal (1999) who reported that the presence of Pseudomonas sp induce the synthesis of flavonoids by roots of common bean in experiment of co-inoculation with rhizobia.
Cowpea inoculation with biofertilizer strains (Bacillus megaterium, Bacillus circulans, Bradyrhizobium sp., and Glomus macrocarpum) significantly decreased the percentage of Fusarium infection compared to the un-inoculated ones. While, disease suppression increased with cowpea inoculated with biofertilizer strains. 
Impact of plant growth-promoting Rhizobacteria on cowpea growth performance and root diseases controlling under greenhouse conditions
These results were observed in presence or absence of Pseudomonas fluorescens. This result is in agreement with Jacob (2013).
The mechanisms of biological control of plant pathogens by antagonistic bacteria and fungi have been the subjects of many studies in the past two decades (Janisiewicz et al 2000) . Mechanisms of biocontrol of soil-borne pathogens are as a result of the direct action of antagonists on plant pathogens, through antibiosis, predation or parasitism, induced resistance of the host plant, and direct competition for space and limited resources (Janisiewicz et al 2000). These mechanisms reduce the infection level and bring about the desired results. Linderman (2000) reported that shifts in the microbial community structure and the resulting microbial equilibria can influence the growth and health of plants. It means that plant beneficial microorganisms are of interest for application in agriculture as bio-fertilizers It is importance to mention that there are several mechanisms by which PGPR inhibit soil-borne pathogen including the iron-chelating siderophores, antibiotics and HCN, which reduce the population of root pathogenic fungi. As well as, PGPR have also shown promise as a potential biological control agent for many soil-borne root diseases (Gupta et al 1995 and Niranjan et al 2005).
Mechanisms of biocontrol may be competition or antagonisms; however, the most studied phenomenon is the induction of systemic resistance by these rhizobacteria in the host plant (Ramamoorthy et al 2001 and Niranjan et al 2005). PGPR control the damage to plants from pathogens by a number of mechanisms including: out-competing the pathogen by physical displacement, secretion of siderophores to prevent pathogens in the immediate vicinity from proliferating, synthesis of antibiotics and variety of small molecules that inhibit pathogen growth, production of enzymes that inhibit the pathogen and stimulation of the systemic resistance in the plants. PGPR may also stimulate the production of biochemical compounds associated with host defense. Enhanced resistance may be due to massive accumulation of phytoalexins, phenolic compounds, increases in the activities of PR-proteins, defense enzymes and transcripts, and enhanced lignification. Biocontrol may also be improved by genetically engineered PGPR to over express one or more of these traits so that strains with several different anti-pathogen traits can act synergistically (Glick and Bashan, 1997 and Niranjan et al 2005).
Among PGPR, fluorescent pseudomonads occur commonly in the rhizosphere of plants and they have immense potential in agriculture for use as biofertilizer, biocontrol agent and in bioremediation due to their plant growth-promoting ability, antagonistic activity and degradation of pollutants (Sasirekha et al 2012) . The development of biological techniques using PGPR amended with suitable bioformulations is an emerging trend in plant protection to reduce the plant diseases caused by plant pathogens. Production of antibiotics, siderophore, HCN by P. fluorescens against fungal pathogens were reported by many workers ( Concerning the chemical fertilization treatments, data presented in Table ( 2) showed that using of chemical fertilizer gave higher infection percentage compared to biofertilization treatment. This result confirmed the importance of biofertilization not only as a fertilizer but also as plant protection agents. These results are in harmony with those obtained by Abdelrahman (2009).
Response of cowpea plantlets to infection by F. oxysporum (Table 2) showed the disease severity score of cowpea varieties 45 days after the inoculation. Data revealed that disease severity of wilting of cowpea plants was the highest in case of untreated soil (control). Whereas, the lowest percentage was observed in the treatment of fungicide application. These results are in agreement with
Zaghloul et al (2007).
In all infected treatments, disease severity in non-inoculated plants were significantly higher than those of inoculated plants. In spite of the fact that the treatment of the infected plants with the fungicide significantly lowered disease severity, treatment with either P. fluorescens or with the fungicide significantly reduced disease severity of the inoculation with the pathogen.
In this connection, significantly decrease in disease severity was achieved in the treatment which treated with biofertilization in the prescence of P. fluorescens when applied with the half dose of chemical N.
Except the fungicide treatment, data in Table  ( 2) showed that inoculation with Bradyrhizobium sp. in combination with B. circulans, B. megaterium and Glomus macrocarpum in the prescence of P. 
Effect of biofertilization and biological control on some soil enzymes activity and AM infection percentage
The general biochemical properties of soil such as, dehydrogenase activity (DHA) was estimated as a guide of respiration rate and total microbial activity in soil. Whereas, nitrogenase activity (N2-ase) was determined in root nodules as an indicator to N2-fixation activity. These are the general indicators of soil quality related to the biocycling of elements such as C, N, P and S (Gil-Sotresa et al  2005) . On the other hand, alkaline phosphatase activity was determined in soil as a guide of organic phosphorus compounds degradation.
Dehydrogenase is an intracellular enzyme related to the oxidative phosphorylation process (Pathma and Sakthivel, 2012) and is an indicator of microbial activity in soil and other biological ecosystems (Garcia et al 1997) .
The obtained results in Table ( 3) indicated that sterilized soil treatments appeared lower values of DHA rather than non-sterilized ones which gave higher values of DHA, that could be attributed to the presence of native (indigenous) soil microorganisms besides the introduced inocula in nonsterilized soil treatments. This result is likely be due to the sterilization effect, since the sterilization lead to getting rid of native soil microorganisms. These results are in harmony with those obtained by Abdelrahman (2009).
Dehydrogenase activity which was observed with sterilized treatments may be due to the activity of introduced inocula only. Biofertilizer strains combined with soil infestation with F. oxysporum in presence of P. fluorescens gave higher values of DHA compared to individual treatments. Similar trend of results was observed with sterilized and non-sterilized soil treatments. It was also revealed that infested soil with F. oxysporum significantly increased DHA. This may attributed to the effect of F. oxysporum mycelium in increasing the total microbial biomass. So, it is worthily to mention that cowpea inoculation with biofertilizer strains significantly increased DHA compared to the uninoculated one.
Generally, higher values of DHA which was observed in dual application with biofertilizers and biocontrol agent interpret the beneficial effect of inoculation in proliferation and enhancement of microbial biomass in rhizosphere.
The highest record of DHA in non-sterilized soil treatments was observed with biofertilizers inoculation combined with soil infestation with F. oxysporum in presence of Ps. fluorescens. While, the lowest DHA record was observed with the infested and sterilized soil. N2-ase activity was periodically determined as an indication of N2-fixers. Also, was determined in soil as a criterion of atmospheric nitrogen fixation by diazotrophs. Data presented in Table ( 3) also showed that non-sterilized soil treatments gave higher values of N2-ase rather than sterilized soil. This result may be attributed to the sterilization effect. The N2-ase activity which was observed with sterilized treatments is likely be due to the activity of introduced biofertilizers inocula. This result is likely be due to the activity of native microorganisms in nonsterilized soil treatments beside the introduced inocula.
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It is noticeable that soil infestation with F. oxysporum showed lower values of N2-ase activity in both non-sterilized and sterilized soil than uninfested ones. The lower value of N2-ase activity which was observed with soil infested by pathogenic fungus may be due to the antagonistic effect of such fungus against N2-fixers (Abdelrahman,
2009).
Also data indicated that the highest nitrogenase activity was observed in inoculated cowpea with the biofertilizers rather than chemical fertilization. These results are in harmony with those obtained by Holl et al (1988) who reported that inoculation showed high nitrogenase activity. Increase dose of nitrogen fertilizer led to marked decrease in nodulation of cowpea and amount of N2-fixed (Hassan et al 1990) . Zaghloul (1999) and Shalaby (2001) reported that the highest values, of nitrogenase activity in rhizosphere was obtained with inoculated treatments with N2-fixers compared to un-inoculated ones.
The present study mentioned that inoculation with P. fluorescens showed a significant increase in N2-ase activity in all treatments in either nonsterilized or sterilized soil compared to uninoculated ones. Also dual application with biofertilizers and P. fluorescens gave higher records of N2-ase activity compared to biofertilizers inoculation singly. This may be attributed to the synergistic effect between all PGPR used.
Generally, the highest record of N2-ase activity was observed with non-sterilized and infested soil treated with both biofertilizers and P. fluorescens. While, the lowest record was observed in infested soil with F. oxysporum individually.
Concerning phosphatase activity, data presented in Table ( 3) emphasized that sterilized soil treatments gave lower values of phosphatase activity compared to un-sterilized ones. This result is logic and could be attributed to the sterilization effect as mentioned before with DHA and N2-ase activity.
Soil phosphatases play a major role in the mineralization P-ase processes of organic phosphorus substrates. Enzymes in soils originate from animal, plant and microbial sources and the resulting soil biological activity. The activity of soil phosphatases can be influenced by numerous factors and soil properties and farming systems play a key Zaghloul, Abou-Aly, Abdel-Rahman and Hassan role among them. Phosphatase has the potential to directly and indirectly influence phosphorus transformation by participating in chemical reaction and influencing microbial processes that drive P solubilization (Bunemann et al 2004) .
The obtained results also emphasized that cowpea inoculation with the biofertilizer strains gave significant increase of phosphatase activity compared with chemical fertilization. This result is in agreement with Kuklinsky -Sobral et al (2004) who found that during initial colonization with phosphate solubilizing bacteria led to increase in phosphate availability and phosphatase activity.
In another view, inoculation with biofertilizer strains gave a significant increase in phosphatase activity. This was true with sterilized and nonsterilized soil treatments. Moreover, higher values of phosphatase activity which was observed in case of biofertilization could be attributed to proliferation of rhizosphere soil microorganisms and consequently increased phosphatase activity.
Ponmurgan and Gopi (2006) and Abou-Aly et al (2006)
reported that there is a positive correlation between phosphate solubilizing bacteria and phosphatase activity. Also, they reported that dual inoculation especially with Bacillus megaterium and mycorrhiza gave maximum values of phosphatase activity.
Inoculation of cowpea with P. fluorescens gave higher records of phosphatase activity than uninoculated ones. These results were observed in non-sterilized and sterilized soil.
In addition, results clearly indicated that cowpea inoculation with biofertilizers in presence of F. oxysporum increased the phosphatase activity compared to soil infested with F. oxysporum only. Generally, soil infestation with F. oxysporum decreased phosphatase activity in all treatments compared with non-infested ones. This may be likely due to antagonistic effect between indigenous soil fungi besides the introduced inocula and pathogenic fungus This result is in agreement with (Zaghloul et al 2008 and Abdelrahman, 2009) .
Data in Table ( 3) showed the effect of chemical nitrogen fertilization, biofertilization, and biological control on mycorrhizal percentage in sterilized and non-sterilized soil. The lowest mycorrhizal colonization observed in uninoculated plants indicated that soil contains some mycorrhizal propagules. The AM percentage of colonization significantly increased with AM inoculation and increased with nitrogen application and then declined (Elsammani and Ahmed, 1998).
In addition, obtained data in Table ( Inoculation of cowpea plants with AM fungi markedly increased the percentage of mycorrhizal colonization. On the other hand, Pseudomonas had slightly effect on mycorrhizal colonization than inoculated with biofertilizers alone. These results could be due to the high microbial activity in rhizosphere of mycorrhizal plants and on rhizoplane limits, the root exudates recovered from roots and subsequent competition between bacteria and AM fungi for those sources. On the other hand, percentage of mycorrhizal colonization were present at low densities in the rhizosphere of cowpea plants grown in control treatments of each amended with full NPK. These attributed to some indications that soil microbes might be involved in the inhibition of spore germination and root colonization in non-sterilized soil (Abdel Karem et al  2000) . Table ( 4) showed that the lower records of cowpea plants growth characteristics, i.e., plant height, number of branches/plants, number of leaves/plants, plant fresh weight and plant dry weight were observed in plants treated with chemical fertilizers only than plants treated with biofertilizers. This result agrees with Lisette et al (2003) who proved that co-inoculation with rhizobia and AM fungi could dramatically enhance pea growth. In general, all growth parameters were significantly reduced in cowpea plants infected with F. oxysporum when compared to the uninfected ones.
Effect of biofertilization and biological control on growth characteristics of cowpea
Data in
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However, mycorrhizal colonization significantly enhanced the growth parameters of the infected cowpea plants.
All tested parameters were significantly achieved after inoculation with AM fungi. This result is in agreement with (Abdel-Fattah et al  2011) . At the same time, treatment of both infected and uninfected plants with fungicide led to a significantly increase in growth parameters. Fungicide had higher stimulation effect on cowpea plant growth characters than control. Also, data clearly indicated the highest records of all estimated parameters were observed in plants inoculated with biofertilizers in combination with chemical fertilization. Moreover, the results revealed that the com- The higher growth characters which observed with PGPR inoculation could be attributed to the beneficial effects include cell division, cell enlargement, root initiation, shoot growth increase, development and formation of flowers and translocation of nutrients and organic substances (Leveau and Lindow, 2005 and Pallai, 2005). Also, PGPR strain mixtures induce systemic resistance against diseases of several different plant hosts (Kanchalee and Joseph, 2002) . PGPR can suppress diseases through antagonism between bacteria and soil-borne pathogens, as well as by inducing a systemic resistance in the plant against both root and foliar pathogens. The induced resistance constitutes an increase in the level of basal resistance to several pathogens simultaneously, which is of benefit under natural conditions where multiple pathogens exist . AMF inoculation not only helped host plant growth, but also enhanced defense system and subsequently reduced disease severity on many soil-borne pathogens (Xiang et al 2012) .
The obtained results are come to the same conclusion with Askar and Rashad (2010) who found that the uptake of other essential micronutrients from the soil by the AM fungal hyphae might also play a role in general plant growth improvement as well as in more indirect effects upon the N2-fixing system. Also, El-Shenawy and Fayed (2005) reported that the use of silicate dissolving bacteria (Bacillus circulans) are generally used to release potassium from rock-feldspar thus, potassium application was effective for enhanced vegetative growth.
Data in Table ( There were significant beneficial interactions between the chemical fertilizers and microbial inoculations for plant height, number of branches and leaves as well as for both fresh and dry weights/plant, when compared to the control (untreated plants). These results are in agreements with Abdel-Aziz and Salem (2013). Similar results were also reported by Kahlon and Sharanappa (2006) who found that a phosphorus-solubilizing bacterium (Bacillus megaterium) and arbuscular mycorrhiza (Glomus mosseae) resulted in higher dry matter accumulation in leaves, stem and total dry matter accumulation.
Effect of biofertilization and biological control on total phenol, peroxidase and polyphenol oxidase activity. Table ( 5) clearly indicated that soil infestation with F. oxysporum significantly increased the total phenol, peroxidase and polyphenol oxidase activity in cowpea compared with un-infested ones could be considered as an antioxidant mechanism for protecting plants against the effects of pectinase on the plant cell walls. Activities of oxidative enzymes in any infected plants tissues are known to contribute to disease resistance mechanisms through the oxidation of phenols Tarrad et al (1993) and Yehia et al (2004) . This result could be attributed to those enzymes responsible for resistance against plant root infection. Phenolic compounds may be fungitoxic in nature and may increase the mechanical strength of the host cell wall. The hyphae of the pathogen surrounded by phenolics substances exhibited considerable morphological changes including cytoplasmic disorganization and loss of protoplasmic content. The present study shows higher accumulation of phenolics in cowpea and there after a rapid degradation. In many instances, phenols serve as plant defense mechanisms against predation by insects, herbivores and microorganisms (Beckman, 2000) . Phenolics that occur constitutively and function as preformed inhibitors are generally referred to as phytoanticipins, and those that are produced in response to infection by the pathogen are called phytoalexins and constitute an active defense response.
Data in
In the present study, a higher accumulation of phenolics was recorded in cowpea plants inoculated with pathogens compared to other treatments. This increase in phenol content might indicate a possible involvement of such compounds in the enhanced resistance of cowpea plants to pathogen F. oxysporum by PGPR. This might have contributed to reduce infection by the F. oxysporum in cowpea plants. Furthermore, peroxidase is involved in the production or modulation of active oxygen species which may play various roles directly or indirectly in reducing pathogen viability and spread (Lamb and Dixon, 1997 and Nandi et al 2013). Similarly, the higher PO activity was no- Cowpea inoculated with P. fluorescens gave higher records of peroxidase and polyphenol oxidase. These results are in harmony with those stated by Meena et al (2000) who reported that phenolic compounds are known to play a major role in the defense mechanism of plants against various external infectious agents. Pseudomonas fluorescens releases antimicrobial factors including a lytic enzyme which leads to the accumulation of phenolics, by secretion of indole acetic acid that induced phenol metabolism in plants (Shabaev et al 1999) .
Inoculation with biofertilizers resulted a significant increase in peroxidase and polyphenol oxidase activity of cowpea compared to un-inoculated ones. Similar results of elevated levels of peroxidase and polyphenol oxidase have been shown in plants treated with PGPR strains (Chen et al  2000) .
Zaghloul, Abou-Aly, Abdel-Rahman and Hassan
Generally, the biofertilization and chemical fertilization resulted a significant increase in total phenol, peroxidase and polyphenol oxidase activity in comparison treated with either biofertilization or chemical fertilization individually. This result showed the importance of biofertilizers not only to supply the nutritional needs of the plant but also to protect the plant against pathogens.
In addition, cowpea inoculation with biofertilizer strains combined with soil infestation with pathogenic fungus significantly increased the activity of peroxidase and polyphenol oxidase compared to soil infestation with pathogenic fungus alone.
Cowpea inoculation with P. fluorescens gave higher records of peroxidase and polyphenol oxidase rather than un-inoculated ones. These results are in harmony with those stated by Sahebani and Hadavi (2008) who reported that specific activities of resistance-related enzymes, namely peroxidase, polyphenol oxidase increased significantly in P. fluorescens inoculated plants.
CONCLUSION AND RECOMMENDATION
It can be concluded that the using of Bradyrhizobium sp., Bacillus megaterium, Bacillus circulans and Glomus macrocarpum with P. fluorescens are good factors of fertilization and bio-control management for cowpea production under Egyptian conditions. Moreover, they reduced the amount of NPK chemical fertilization, and therefore, limit the environmental pollution.
